Turkish Journal of Zoology
Volume 41

Number 2

Article 10

1-1-2017

Habitat use and activity of European glass lizard, Pseudopus
apodus (Pallas, 1775),in southeastern Bulgaria
IVAN TELENCHEV
DANIELA NIKOLOVA
ROSSEN TZONEV

Follow this and additional works at: https://journals.tubitak.gov.tr/zoology
Part of the Zoology Commons

Recommended Citation
TELENCHEV, IVAN; NIKOLOVA, DANIELA; and TZONEV, ROSSEN (2017) "Habitat use and activity of
European glass lizard, Pseudopus apodus (Pallas, 1775),in southeastern Bulgaria," Turkish Journal of
Zoology: Vol. 41: No. 2, Article 10. https://doi.org/10.3906/zoo-1601-3
Available at: https://journals.tubitak.gov.tr/zoology/vol41/iss2/10

This Article is brought to you for free and open access by TÜBİTAK Academic Journals. It has been accepted for
inclusion in Turkish Journal of Zoology by an authorized editor of TÜBİTAK Academic Journals. For more
information, please contact academic.publications@tubitak.gov.tr.

Turkish Journal of Zoology
http://journals.tubitak.gov.tr/zoology/

Research Article

Turk J Zool
(2017) 41: 286-293
© TÜBİTAK
doi:10.3906/zoo-1601-3

Habitat use and activity of European glass lizard, Pseudopus apodus (Pallas, 1775),
in southeastern Bulgaria
Ivan TELENCHEV, Daniela SIMEONOVSKA-NIKOLOVA*, Rossen TZONEV
Department of Ecology and Protection of Nature, Faculty of Biology, Sofia University “St. Kliment Ohridski”, Sofia, Bulgaria
Received: 02.01.2016

Accepted/Published Online: 14.06.2016

Final Version: 04.04.2017

Abstract: The way in which animals use the physical and biological resources in habitats is an important aspect of their behavioral
ecology. Here, we studied the activity and habitat use of the European glass lizard in two habitats in southeastern Bulgaria during
the spring and summer of 2015. We registered behaviors such as basking and movement, and we recorded hiding locations. We also
attempted to capture the individual mark of every observed individual, to determine its sex, age, and body temperature, immediately at
capture. In parallel, essential environmental parameters were identified: temperature of the air near the lizard, substrate temperature,
dominant plant species, and humidity. The results showed that there were seasonal differences in the activity of the lizards and the
variables of the environment. In Habitat 1 where most of the glass lizards were registered we observed habitat segregation. The habitat
selection of adult glass lizards was closely connected to the presence of shrubs but not of forest. We discuss these findings in relation with
proximate and ultimate factors, determining the habitat use of European glass lizards. Extended knowledge of habitat use of P. apodus is
highly relevant to its future preservation.
Key words: Activity, environmental parameters, habitat preference, Anguidae

1. Introduction
Habitat use and patterns of activity are important
components of the ecology and behavior of lizards. The
time at which animals emerge from refuge and engage
in activities such as basking, foraging, and shuttling
are restricted to certain periods of the day and the year
(Radder et al., 2005; Mukherjee and Parida, 2014). Many
authors such as Heatwole and Taylor (1987), Bauwens et al.
(1999), Winne and Keck (2004), and Radder et al. (2005)
found that, in reptiles, patterns of daily activity range
from nocturnal to diurnal, with various intermediate
conditions. According to these authors activity patterns
may be unimodal or bimodal, depending on the species,
or among different populations of the same species living
in different climatic conditions and geographic locations.
However, studies on activity patterns and habitat selection
are limited mostly to temperate-zone lizards (Heatwole
and Taylor, 1987; Zug et al., 2001; Radder et al., 2005).
The European glass lizard Pseudopus apodus (Pallas,
1775) is the largest representative of the family Anguidae.
It is distributed from the Balkan and the Crimean
peninsulas to the Ciscaucasia region in Europe (Ananjeva
et al., 2006). Most of the studies on habitat selection
concern the eastern and central parts of its area (Crimean
* Correspondence: mammals@abv.bg
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Peninsula, Caucasian region, and Middle Asia). Thus, in
Kyrgyzstan, Armenia, and Azerbaijan the glass lizard
prefers habitats with dense vegetation (Yakovlieva, 1964;
Alekperov, 1978; Arakelyan et al., 2011), while in Crimea it
prefers habitats with rocky slopes with shrub communities
and avoids dense vegetation (Shcherbak, 1966). In Middle
Asia (Kazakhstan, Tajikistan, Uzbekistan) the glass
lizard’s populations are closely associated with rivers
and oases (Paraskiv, 1956; Said-Aliev, 1979; Bogdanov,
1986). Wetlands were determined to be an important
element in habitat preferences of the species in Uzbekistan
(Siroitchkosky, 1958).
P. apodus is defined as a typically daily active animal,
avoiding the hot part of the day. Similar observations were
also made by Muskhelishvili (1970). According to this
author during July the animal was rarely noticed and in
August it was not seen at all. The studies of Meek (1986)
on the activity of the glass lizard in ex-Yugoslavia show
that it was active in both sunny and cloudy and even in
rainy weather. It is evident that the data of the habitat
preferences and the activity of the European glass lizard
are controversial, and the information is dated, mainly
from the Caucasian and the Middle Asian and Crimean
regions.
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In Bulgaria, the European glass lizard inhabits mainly
the southeastern parts of the country and the Black Sea
coast. Our preliminary study on habitat selection of P.
apodus in southeastern Bulgaria showed that it preferred
dense vegetation with higher humidity levels in summer
(Telenchev et al., 2015). However, there are still no studies
on its activity and on the way it uses habitats. Regarding
this, the aim of the present study was to determine the
habitat use and activity of the European glass lizard in the
region of southeastern Bulgaria. We hypothesized seasonal
expression of the activity and effect of the environmental
variables on the habitat use of this species.
2. Materials and method
2.1. Study habitats and study animals
The study was held in the spring and summer of 2015 in
the region of southeastern Bulgaria. One-week trips were
carried out as follows: in early spring (the end of March
and first days of April), late spring (the end of April and
middle of May), and summer (June). During the trips
in July and August, glass lizards were not noticed in
the region and these months were not included in the
present study. The climate in the region is influenced
by the proximity of the Black Sea. The average annual
temperature for the region is 12.8 °C, varying from lowest
(2.3 °C in January) to highest (23.4 °C in July). Rainfall
is irregularly distributed throughout the year, with an
autumn maximum (November–December) and a summer
minimum (August) (Georgiev, 1991).

The habitat use and activity of the European glass lizard
were studied in two typical of the animal habitats: Habitat
(Hab) 1 – 42.44°N, 27.470°E, range 0.18 km2, bordering a
road, the sea, agricultural buildings, and marshlands; and
Habitat (Hab) 2 – 42.13°N, 27.44°E, range of 0.49 km2,
bordering a river, road, and vales (Figure 1). Although
Hab 1 was roughly three times smaller than Hab 2, it
contained shrub-grassland ruderal communities – about
50%, as well as deciduous and mixed forest spots – 50%.
The dominant tree species in Hab 1 were Fraxinus ornus,
Ailanthus altissima, and the shrubs: Paliurus spina-christi,
Sambucus ebulus, and Onopordum acanthium. From
the grass communities, dominant were Berteroa incana,
Bryonia alba, Dipsacus lacinatus, Malva sylvestris, Calepina
irregularis, Elymus repens, Marrubium peregrinum, Urtica
dioica, and Rumex crispus. Hab 2 was predominantly
forest – about 90%, with strips of grass and shrubs next
to the road – 10%. The dominant tree species in Hab 2
were Fagus orientalis, Quercus polycarpa, and Clematis
vitalba, and the shrubs: Sambucus ebulus. From the grass
communities, dominant were Rubus caesius, Urtica dioica,
and Robinia pseudoacacia.
2.2. Study parameters
During every 7-days trip to the habitats the activity of the
lizards was studied in the interval between 0800 and 1900
hours. To achieve this the habitats were checked many
times as P. apodus cannot be noticed easily due to its way
of life, which is quite hidden. First, the noticed lizards
were observed from a distance of 4–5 m by binoculars. We

Figure 1. Location of the studied habitats in the region of southeastern Bulgaria.
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registered the time at which each individual was noticed
for the first time in the habitat and followed their activity,
observing when and where the individuals were basking
(major part of the body in the sun), where they were
hiding, and every kind of movement, including emergence
and submergence from the shelters. The described types
of behavior are taken from House et al. (1980). After that,
the lizards were captured and marked individually using
a heat branding method with a soldering iron, which
leaves a mark on the dorsal scales of the animals (Vervust
and Van Damme, 2009). In contrast with toe-clipping,
which is painful and possibly stressful to the animals, this
manipulation does not hurt the lizard, nor does it deter
its way of life (Ekner et al., 2011). Their length (SVL, TL,
in mm), weight (g), and cloacal temperatures (°C) were
measured. The age class of the lizards was determined on
the basis of coloration – adults have brown dorsals and
yellow to white ventral scales; juveniles are gray with black
spots covering the whole body (Stojanov et al., 2011). In
this way, in every habitat the number of male and female
individuals observed and then captured was registered as
well as their age, sex, and the following space indices: place
of capture, number of individuals captured for the second
time, and distance between the points of capture. The
temperature of the substrate (the surfaces on which lizards
were found), of the air (0.5 m above the level of the earth
surface, in the shadow), air humidity, and cloudiness were
measured in order to see if these factors influenced the
lizards’ activity. The assessment of the activity was based
on the time period between 0800 and 1900 hours, during
which lizards were observed.
The surrounding herpetofauna was also described.
In both habitats along with the glass lizards we observed
the following reptile species: Testudo graeca, Eurotestudo
hermanni, Dolichophis caspius, Elaphe sauromates, Natrix
tessellata, Natrix natrix, Lacerta viridis, Lacerta agilis, and
Podarcis muralis, as well as a large quantity of snails, which
are a main part of the diet of the reptile (Said-Aliev, 1979;
Rifai et al., 2005).
2.3. Data analysis
To deﬁne if there were variations in activity between
seasons as well as between males and females, data on
duration of activity were compared by Mann–Whitney
U test. Spearman rank-order correlation (rs) was used
to examine the relation between activity of glass lizards
and the body and substrate temperatures, as well as the
environmental variables. As the pattern of activity of the
animals from the two habitats was very similar, the data
were combined. Data are given as median and extreme
values (minimum and maximum) of studied parameters.
Data were analyzed using STATISTICA version 7.0
statistical software (StatSoft, 2004).
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3. Results
3.1. Demography and spatial distribution
In Hab 1 in the period of research 26 lizards were registered
(21 males and 5 females), the males being significantly
more than the females (χ2 = 9.84, df = 1, P ≤ 0.05). In early
spring 5 males were captured, and three of them were
captured again in late spring. In April–May the sex ratio
was almost balanced, but in June the males were prevailing
again, although a statistically significant difference was not
found. In Hab 1, in June, 4 dead lizards were registered –
three of them crushed on a road and 1 in the grass close to
it. In April there were 3 recaptured individuals, captured
for the first time in March. Two of them were found
together in the place with the same coordinates, and the
third one – 5 m away from the place of the first capture. In
July there were no registered individuals.
In the study period most of the animals, both male and
female, were gathered in two spots – the first was full of
shrubs and stones, 10 m from a marshland, and the second
was a scree with dense shrubs and piled dry branches and
stones (Figure 2). The animals at the first spot were twice
as much as the animals at the second (13 individuals at
the first and 7 at the second). Only single individuals were
registered along the road and in the grass. It is interesting
to note that a glass lizard was noticed among the branches
of a thorn plant, 2–3 m above the ground.
In Hab 2 only 5 lizards were registered – 1 male and
4 females, which is almost 5 times less than the number
of animals captured in Hab 1 1 (χ2 = 14.2, P ≤ 0.05). Two
of the females captured in March were recaptured in the
habitat in April–May. All animals were caught among
dense shrubbery.
In both habitats the glass lizards were observed to bask
in the sun on the grass, not on branches or stones. They did
not coil like snails with which they are morphologically
closest. Only part of the body and the tail were in the sun,
the head was always hidden in the vegetation. All registered
animals in both habitats were adults with weights of 250–
720 g and body lengths of 69–113 cm. No eggs or young
individuals were found.
3.2. Activity and body temperature
The results showed that there were seasonal differences
in the activity of the lizard and the variables of the
environment. (Table 1). A considerable difference in
the activity was established with the males, registered in
early spring and summer (Table 1). Activity during early
spring was significantly higher than that registered in
summer (Mann–Whitney U test, U = 6.5, P = 0.04, ns =
5) (Table 1). Apart from this the pattern of activity was
also different. In March–April, as a bit later (April–May),
males were registered mainly in the interval between 0900
and 1400 hours, while in summer between 1000 and 1330
hours and after that between 1730 and 1945 hours. We
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Figure 2. Segregation spaces of the captured individuals in Habitat 1.

found that the body temperature was considerably lower
in early spring than in summer (Mann–Whitney U test, U
= 4.5, P = 0.02, ns = 5) (Table 1). Parallel to these results
the correlation analysis revealed a negative correlation
between males’ activity and their body temperatures (r =
–0.47, P ≤ 0.05, n = 22), as well as between their activity
and air temperatures (r = –0.60, P ≤ 0.05, n = 22), during
the study period (Table 2). In both males and females a
positive correlation between air temperature and body
temperature was proved (r = 0.588, P ≤ 0.05, n = 22 for
males; r = 0.899, P ≤ 0.05, n = 9 for females). The same
positive relation was also established between air and
substrate temperatures (r = 0.877, P ≤ 0.05, n = 22 for
males; r = 0.941, P ≤ 0.05, n = 9 for females). In males
there was no statistically significant correlation between
humidity/cloudiness and activity, but in females there was
a positive correlation between cloudiness and activity (r =
0.73, P ≤ 0.05, n = 9).
The number of captured females in both habitats was
small in early spring and summer and comparisons with
the males regarding their activity could not be made. In
spite of this, in early spring males seemed to be more active
(120–300 min/day) in comparison to females (30–180
min). No significant difference in activity between the
sexes in late spring was found (Mann–Whitney U test, U =
10, P = 0.09, ns = 5). The environmental conditions in both
habitats were not significantly different, except air and
substrate temperatures. In Hab 2 they were significantly
lower in comparison to the ones in Hab 2 (Mann–Whitney
U test, U = 1.0, P = 0.004, ns = 5 for air temperature; U =
2.0, P = 0.006, ns = 5 for temperature of substrate).
4. Discussion
The results showed that the number of registered animals
was significantly greater in Hab 1. Although Hab 1 was

about 3 times smaller, it contained shrub-grassland
ruderal communities, as well as deciduous and mixed
forest spots, which seems to make it more desired by the
animals. Nevertheless, all registered lizards were adults.
One possible reason is that juveniles are more secretive
and less often encountered than adults, as is found in
other lizard species (Bull, 1994). The proximity of the
forest to Hab 2 probably causes the lower air and substrate
temperatures. This is a possible reason for this habitat to be
less desired by reptiles. According to Huey (1982), chronic
exposure to low temperatures may be the important
factor that excludes reptiles from certain habitats. The
obtained results make us think that the habitat selection
of adult glass lizards is closely connected to the presence
of shrubs but not of forest. These findings are similar to
the ones described by other authors (Yakovlieva, 1964;
Alekperov, 1978; Arakelyan et al., 2011). Apart from this,
in Hab 1 where most of the glass lizards were registered,
we observed habitat segregation. According to Radder et
al. (2005), to achieve resource partitioning some lizard
communities are separated spatially or temporally in
respect to their activity patterns. We can thus assume that
the establishment of two separate spots with lizards in Hab
1 is due to the same reason. Radder et al. (2005) also noted
that to achieve spatial separation some male arboreal
lizards occupy higher perches than females and juveniles.
We do not have enough data to draw such a conclusion
but we found in both studied habitats only adult glass
lizards, among which the females were much fewer in
number. We may assume that young and female lizards
perhaps prefer more remote places with denser vegetation
where they are better protected. Most females were found
in Hab 2, in which forest vegetation prevailed. According
to Woolrich-Piña et al. (2015), in some lizard species,
the gravid oviparous females used shaded microhabitats
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Ns (es × ls), U =9, P = 0.07; Ns (ls × s), U = 25, P = 0.28;
Significant (es × s), U = 4.5, P = 0.02

17.5 (13.8–18.0)

Significant(es × ls), U = 2.0, P = 0.006; Significant(es × s), U = 3.0, P = 0.01; Significant ls (M × F), U = 1.0, P = 0.004
Significant(ls × s), U = 9.0, P = 0.009

14.8 (11.6–15.1)

Significant(es × ls), U = 0, P = 0.002; Significant(es × s), U = 0, P = 0.003;
Significant(ls × s), U = 11.0, P = 0.001

75.0 (55–75)

Significant(es × ls), U = 0.5, P = 0.003; Significant(es × s), U = 1.0, P =
0.005; Significant(ls × s), U = 11.5, P = 0.02

0.3 (0.3–0.8)

Ns(es × ls), U = 12.0, P = 0.16; Ns(es × s), U = 14, P = 0.03;
Significant(ls × s), U = 12.0, P = 0.009

Air temperature (°C)

U

Substrate temperature (°C)

U

Relative humidity (%)

U

Cloudiness (0.0–1.0)

U

0.2 (0.0–0.7)

35.0 (17.0–55.0)

20.0 (17.0–29.0)

20.0 (18.0–21.4)

0.55 (0.5–1.0)

50.0 (32.0–57.0)

23.0 (21.0–27.3)

25.3 (16.6–25.6)

28.3 (18.6–31.5)

U

26.0 (17.0–31.0)

18.6 (12.2–24.7)

Body temperature (°C)

30 (30–280)

F
n=5

23.6 (11.4–30.0)

14.0 (10.4–18.0)

16.6 (14.1–18.0)

30.0 (26.0–45.0)

0.1 (0.0–0.7)
Ns, ls (M × F), U = 13.0, P = 0.2

0.4–0.5

Ns, ls (M × F), U =17.8, P = 0.46

32.0–50.0

Significant ls (M × F), U = 2.0, P = 0.006

13.4–17.0

15.0–16.0

Ns, ls (M × F), U =17.0, P = 0.46

18.8–23.0

Ns, ls (M × F), U = 10, P = 0.09

30–180

F
n=2

Late spring

Ns (es × ls), U = 16, P = 0.38; Ns (ls × s), U = 20, P = 1.12;
Significant (es × s), U = 6.5, P = 0.04

100 (45–300)

M
n=8

Early spring

U

180 (30–280)

M
n=9

M
n=5

Summer

300 (120–300)

Late spring

Early spring

Study period

Duration of activity (min)

Characteristics

0.4–0.5

50.0–57.0

23.0–23.07

25.4–26.2

29.5–30.0

90–180

F
n=2

Summer

Table 1. Median and extreme values (minimum and maximum) of studied activity and body temperature of female and male P. apodus, and environmental parameters in both
habitats during early spring, late spring, and summer of 2015. The signiﬁcance of sexual and seasonal differences as revealed by Mann–Whitney U test is given in bold. Explanation:
early spring (es), late spring (ls), summer (s), males (M), females (F), n – sample size, Ns – not signiﬁcant.
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Table 2. Correlation coefﬁcients (Spearman rs) between activity of male and female P. apodus and studied variables.
Asterisk indicates signiﬁcant correlation.

Characteristics

Male activity
n = 22

Female activity
n=9

Spearman rs

P

Spearman rs

P

Body temperature (°C)

–0.47*

P ≤ 0.05

0.53

P > 0.05

Air temperature (°C)

–0.60*

P ≤ 0.05

0.44

P > 0.05

Substrate temperature (°C)

–0.43*

P ≤ 0.05

0.52

P > 0.05

Relative humidity (%)

0.26

P > 0.05

0.31

P > 0.05

Cloudiness (0.0–1.0)

0.25

P > 0.05

0.73*

P ≤ 0.05

more often than nongravid and male individuals did. The
authors noted that this strategy in gravid females (unlike
other adult individuals of the same species) is connected
with the greater need of thermoregulation, needed for
the development of the embryos. Finally, the segregation
mentioned above can be connected to the heterogeneous
character of the habitats in regard to the presence of better
places for basking compared to others closer to water
basins. According to Huey and Pianka (1977), selection of
basking site is important, as some microhabitats provide
greater exposure to the sun than others and surfaces possess
different thermal properties. Wetlands are also determined
to be an important element in habitat preferences of this
species (Siroitchkosky, 1958). It is not accidental that
most animals in Hab 1 were concentrated very close to
the marshland. In the results we showed that a glass lizard
was noticed among the branches of a thorn plant, 2–3
m high. Similar observations were made by Alekperov
(1978), who described glass lizards climbing the trees
near the town of Bard, Azerbaijan. P. apodus is exclusively
carnivorous and its food spectrum consists mostly of
insects and gastropods as well as small amounts of other
invertebrates and vertebrates of small size (Siroitchkosky,
1958; Bogdanov, 1960; Yakovleva, 1964; Shcherbak, 1966;
Muskhelishvili, 1970; Alekperov, 1978; Said-Aliev, 1979;
Rifai et al., 2005; Çiçek et al., 2014). Having this in mind
we can assume that the lizard registered in the present
study was probably foraging for snails, as they were most
common in the studied habitats. The presence of a road
close to both habitats seems to be a cause of the death rate
due to being hit by a car, which today, unfortunately, is a
usual phenomenon not only for this species but for other
animals as well (Fahrig and Rytwinski, 2009).
The data obtained via measurements of the
environment in both habitats correspond to the regular
climate norms of the region and influence the activity of
the glass lizard. As was pointed out, the average monthly

temperature is lowest in January–February and highest
in July and the humidity is relatively high in early spring,
then it drops down and is up again in June in connection
to the most frequent rains during this month. The results
showed that the activity of the glass lizard in the first
months is unimodal, then it becomes bimodal. Similar
data concerning the activity of the glass lizard were shared
by Mushalishvili (1970) in Georgia. According to that
author, in spring the reptile starts its daily activity between
0800 and 0900 hours, and after that it was not registered
between 1800 and 1900 hours. In July the animal was
noticed more and more rarely and in August it was not
found at all. We have a similar case in the present study.
During the preparatory research in the region, in July,
glass lizards were not noticed. We suppose this is due to
the high temperatures that are reached during this month
– the highest average monthly temperatures for the region.
The established activity pattern of the glass lizards in the
present study is similar to those of other reptiles. Most
reptiles control their body temperatures through behaviors
and activities: they move within the thermal structure of
their habitats to raise or lower their body temperatures, as
needed (Huey and Slatkin, 1976; Paladino, 1985; Melville
and Schulte, 2001.). According to observations made by
Siroitchkovsky (1958), the reproductive period of the glass
lizard ends in the beginning of July. This may be another
reason for the decrease of their activity during the summer
period.
It is known that lizards, like most reptiles, need different
temperature levels for different types of activities (Garrick,
2008). Thermoregulation is a well-documented aspect of
reptile biology (Adolph, 1990; Garrick, 2008). Thus, in the
cooler months, lizards are typically active during midday
when temperatures are optimal. During the hottest part
of summer, however, they avoid the midday heat and
are more active during cooler times in the morning or
evening. Such a relationship was also found to be true for
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the glass lizards in the present study. In spite of this, the
species has specifications different from the rest of the
lizard species. With most of the animals no correlation
between humidity/cloudiness and their activity was
found. Meek (1986) also pointed out that glass lizards in
Yugoslavia were active not only in sunny weather but in
cloudy and even rainy weather as well. According to Hailey
(1984), its body temperature seems to be lower than those
of other daily-active temperate zone lizards. This makes it
unique among the representatives of this group of animals.
We may assume that its activity at lower temperatures is an
adaptive strategy, which allows the best resource use in the
habitat – less competition for food and space when other
reptiles are less active. At the same time, as was mentioned
by Hailey (1984), its heavy reliance on dermal armor is a
defense mechanism, which helps the lizard to be protected
and more flexible in its activity. Further studies would
allow us to go deeper into the environmental requirements

of this species, also regarding the way it uses its habitats.
P. apodus is considered as Vulnerable [VU] in the national
red data book of Bulgaria (Tzankov, 2011). Knowledge of
habitat use and the activity patterns of P. apodus is beyond
doubt relevant to its preservation.
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